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Abstract
Background: The proportions of preterm birth (PTB, ie., delivered before 37 gestational weeks) and low birth
weight (LBW, ie., birth weight less than 2500 g at delivery) have been rising in developed countries. We sought to
examine the factors contributing to the rise in Japan, with particular focus on the effects of obstetric interventions.
Methods: We used a database maintained by one large regional hospital in Shizuoka, Japan. We restricted the
analysis to mothers who delivered live singleton births from 1997 to 2010 (n =19,221). We assessed the temporal
trends in PTB and LBW, then divided the study period into four intervals and compared the proportions of PTB and
LBW. We also compared the newborns’ outcomes between the intervals.
Results: PTB, in particular medically indicated PTB, increased considerably. The increase was largely explained by
changes in caesarean sections. The neonatal outcomes did not worsen, and instead the Apgar scores and
proportions requiring neonatal intensive care unit (NICU) admission improved. In particular, the risks of NICU
admission in the interval from 2007 to 2010 were decreased among all births [odds ratio (OR): 0.84; 95% confidence
interval (CI): 0.75, 0.95] and medically indicated births (OR: 0.44; 95% CI: 0.29, 0.68) compared with the interval from
1997 to 2000.
Conclusions: Despite the increases in PTB as well as LBW, the present study suggests benefits of obstetric
interventions. Rather than simple categorization of PTB or LBW, indicators such as perinatal mortality or other
outcomes may be more appropriate for evaluation of perinatal health in developed countries.
Keywords: Caesarean section, Low birth weight, Pregnancy, Preterm birth, Reproductive health
Background
Preterm birth (PTB, ie. delivered before 37 gestational
weeks) and low birth weight (LBW, ie. birth weight less
than 2500 g at delivery) are often used as markers for
prematurity of newborns, and are associated with peri-
natal mortality as well as adverse consequences in later
adulthood [1-3]. Despite increased knowledge of the risk
factors, the proportions of PTB and LBW are increasing
in developed countries (e.g., from 10.6% and 5.9% in
1990 to 12.2% and 6.4% in 2009 in the United States, re-
spectively) [4]. Previous studies examined the factors
contributing to these rises (in particular PTB), and found
that PTB at gestational age from 34 to 36 weeks (late
preterm) has been increasing [5,6]. Although the rise of
PTB may be partly explained by changes in sociodemo-
graphic and behavioral factors, most of the studies indi-
cated a role for obstetric interventions in this rise [7-11].
Paradoxically, despite the increases in PTB and LBW, the
infant mortality and neonatal mortality rates have been de-
clining in these developed countries [12]. These contrasting
trends have raised questions about the simultaneous roles
of obstetric interventions as both a contributor to the rise
in PTB and to the improvements in PTB-associated mortal-
ity [5,7,13,14]. However, the number of studies addressing
the issue of the benefits and risks of obstetric interventions
is still limited. Moreover, most of the previous studies uti-
lized birth certificates. Consequently, they could only evalu-
a t et h ei m p a c t so nm o r t a l i t ya n dc o u l dn o tp r o v i d em o r e
detailed information in terms of biological indicators, such
a st h eA p g a rs c o r ea n dc o r db l o o dp H s .
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have been increasing (4.1% and 5.2% in 1980 to 5.7%
and 9.6% in 2010, respectively), while the infant mortal-
ity and neonatal mortality rates have been declining
steeply [15]. Surprisingly, Japan seems to be entering a
new era characterized by lower neonatal mortality than
post-neonatal mortality, in contrast to most developed
countries [16]. In this highly advanced setting, the
present study sought to examine the factors contributing
to the rise in PTB as well as LBW. If obstetric interven-
tions played important roles, consistent with previous
studies, we sought to examine whether such interven-
tions bring benefit or harm to newborns, especially in
terms of biological indicators at birth.
Methods
Participants
Data were extracted from a perinatal database main-
tained since January 1997 at the Seirei Hamamatsu Gen-
eral Hospital, Shizuoka, Japan. The hospital is the largest
tertiary hospital and main perinatal medical center in
the western part of Shizuoka prefecture, and manages
cases from low-risk to high-risk deliveries. The hospital
reported 1,582 new live births in 2010 and about one-
eighth of the babies born in the western part of Shizuoka
were born in this hospital [17]. The database includes in-
formation on all of the mothers admitted to the Depart-
ment of Obstetrics in the hospital (n= 21,855 from 1997
to 2010). In this study, we restricted the analysis to
mothers who delivered live singleton births from January
1997 to December 2010, and defined the eligibility cri-
teria for inclusion in the study as follows: singleton
births; deliveries after 22 weeks of gestational age; and
babies with Apgar scores of greater than one at one mi-
nute after birth. Using these criteria, we retrieved 19,221
births from the database.
Definitions of PTB and LBW
We divided PTB by gestational age [18]: 22 to 27 weeks
(extreme prematurity); 28 to 33 weeks (severe/moderate
prematurity); and 34 to 36 weeks (late preterm). We also
divided PTB at less than 37 weeks into medically indi-
cated PTB and spontaneous PTB. Following a previous
study [7], we defined medically indicated PTB as deliver-
ies after caesarean section or medical induction prior to
37 weeks of gestation, and defined PTB other than med-
ically indicated PTB as spontaneous PTB. The gesta-
tional ages were measured based on the last menstrual
period, and were mostly confirmed or corrected by
ultrasound measurements at about 10 weeks of gesta-
tional age [17].
We defined LBW as birth weight of less than 2500 g
and term-LBW as LBW at term (born at more than 37
weeks of gestation).
Obstetric variables and newborns’ outcomes
We retrieved information about obstetric variables and
newborns’ outcomes from the perinatal database. The
information included in the perinatal database was
obtained once from the mothers by trained obstetricians
or midwives at the time of the prenatal checkup when
the expected due date was confirmed (about 10 weeks of
gestational age), and added to or corrected at admission
or delivery.
From the database, we collected information about
whether the mothers had received fertility treatment, cae-
sarean section, or medical induction (for the correspond-
ing pregnancy). Moreover, we obtained the following
markers for the newborns: Apgar score at one minute;
Apgar score at five minutes; blood pH in the umbilical ar-
tery; blood pH in the umbilical vein; and neonatal inten-
sive care unit (NICU) admission. The Apgar scores and
blood pH were recorded using the same system through-
out the study period [19]. With regard to blood gas mea-
surements, blood was collected immediately after delivery
by isolating a 10- to 20-cm segment of the cord, and the
blood gas was measured immediately by an automatic
blood gas analysis apparatus.
Other covariate data
We also retrieved the following information from the
database: maternal age at pregnancy; maternal height at
pregnancy; maternal weight at pregnancy; maternal
weight gain during pregnancy; maternal occupation
(housewife, part-time worker, self-employed worker, em-
ployee, or professional worker); maternal alcohol intake
during pregnancy (drinker or non-drinker); maternal
smoking (never smoked, ex-smoker including mothers
who quit smoking during pregnancy, or smoker); parity
(0, 1, or ≥2); and paternal smoking (smoker or non-
smoker). We calculated the body mass index (BMI) div-
iding the mother’s body weight before pregnancy (kg) by
her height squared (m
2).
Statistical analyses
First, we assessed the temporal trends in the proportions
of PTB and LBW (PTB less than 37 weeks, medically
indicated PTB, spontaneous PTB, LBW, and term-LBW)
from 1997 to 2010. We then divided the study period
into four intervals (1997–2000, 2001–2003, 2004–2006,
and 2007–2010). We compared the demographic charac-
teristics as well as the proportions of PTB and LBW be-
tween the intervals. Next, we examined the covariates
contributing to the discrepancy in the proportions of
PTB (less than 37 weeks) and LBW in each interval.
Second, we compared the newborns’ outcomes be-
tween the study intervals among all births, medically
indicated PTB, spontaneous PTB, PTB separated by ges-
tational week, and LBW. We then estimated odds ratios
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NICU admissions, using the interval of 1997–2000 as a
reference, by logistic regression. In the model, we adjusted
for categorized maternal age (≤24.9, 25–34.9, or ≥35
years), parity, categorized maternal BMI (≤18.5, 18.6-24.9,
or ≥25), maternal smoking, maternal occupation, maternal
alcohol intake, and paternal smoking. These potential con-
founding factors were chosen a priori.
Finally, in sensitivity analyses, we separated births to
mothers who experienced spontaneous onset of labor
from the medically indicated PTBs and repeated the
same analyses. Moreover, we used different intervals
(1997–1999, 2000–2002, 2003–2004, 2005–2007, and
2008–2010) and repeated the same analyses as a robust-
ness check.
All confidence intervals (CIs) were estimated at the
95% level. PASW software (version 18.0J; SPSS Japan
Inc.) was used for the analyses.
Approval for this study was obtained from the Institu-
tional Review Boards of Seirei Hamamatsu General Hos-
pital and Okayama University.
Results
Figure 1 shows the trends of each manifestation from
1997 to 2010. The proportions of PTB at less than 37
weeks, medically indicated PTB, and LBW increased
with peaks around 2005 to 2006, while the proportions
of term-LBW and spontaneous PTB showed little
change during the study period.
The baseline characteristics of the newborns, mothers,
and fathers (n =19,221) separated by the intervals are
shown in Table 1. As observed in Figure 1, PTB and
LBW, in particular medically indicated PTB, increased
and the peaks of the proportions were around the inter-
val from 2004 to 2006. Among the increase of PTB at
less than 37 weeks, although the absolute number of the
increase was large for PTB at 34 to 36 weeks, PTB at
each gestational week increased to some extent.
During the study period, the mean maternal age
increased and mothers who were older than 35 years
increased from 11.6% in the period of 1997 to 2000 to
23.0% in the interval from 2007 to 2010 (Table 1). In
addition, the rates of mothers with BMI of more than 25
tended to increase, and the proportion of mothers with
adequate weight gain during pregnancy also increased
during the period. While the number of parental smo-
kers decreased, the number of maternal ex-smokers
increased. With regard to obstetric interventions, the
proportions of mothers experiencing fertility treatment
and caesarean section increased during the period.
Compared with the years 1997–2000, PTB at less than
37 weeks increased by 1.37 times in the years 2004–
2006 and 1.20 times in the years 2007–2010 (Additional
file 1: Table S1). Maternal characteristics such as age,
BMI at pregnancy, smoking, occupation, and alcohol in-
take explained the discrepancy, but medical interven-
tions, in particular caesarean section, contributed the
most to the increase in PTB at less than 37 weeks. We
found similar tendencies for LBW. Some maternal char-
acteristics such as smoking and alcohol intake attenu-
ated the discrepancy, but the attenuations were largest
for caesarean section.
LBW
PTB less than 37 wks
Term-LBW
Medically indicated PTB
Spontaneous PTB
Figure 1 Trends of preterm birth (PTB) at less than 37 weeks, medically indicated PTB, spontaneous PTB, low birth weight (LBW), and
term-LBW from 1997 to 2010.
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1997-2000 2001-2003 2004-2006 2007-2010 p
value
§
(n=5,515) (n=3,927) (n=4,025) (n=5,754)
Newborn outcomes, n (%)
PTB less than 37 wk 501 (9.1) 412 (10.5) 484 (12.0) 614 (10.7) <0.01
PTB 34 to 36 wk 309 (5.6) 256 (6.5) 272 (6.8) 367 (6.4) 0.10
PTB 28 to 33 wk 148 (2.7) 124 (3.2) 140 (3.5) 181 (3.1) 0.16
PTB 22 to 27 wk 44 (0.8) 32 (0.8) 72 (1.8) 66 (1.1) <0.01
Medically indicated, less than 37 wk* 309 (5.6) 256 (6.5) 335 (8.3) 398 (6.9) <0.01
Spontaneous, less than 37 wk* 184 (3.3) 150 (3.8) 141 (3.5) 212 (3.7) 0.60
LBW 774 (14.0) 601 (15.3) 691 (17.2) 908 (15.8) <0.01
Term-LBW 399 (7.2) 292 (7.4) 305 (7.6) 417 (7.2) 0.91
Female sex, n (%) 2607 (47.3) 1903 (48.5) 1909 (47.4) 2831 (49.2) 0.22
Parental variables
Maternal age (yr), mean (SD) 29.6 (4.4) 30 (4.7) 30.5 (4.7) 31.2 (4.9) <0.01
≤24.9, n (%) 748 (13.6) 514 (13.1) 486 (12.1) 616 (10.7) <0.01
25-34.9, n (%) 4128 (74.9) 2870 (73.1) 2863 (71.1) 3815 (66.3)
≥35, n (%) 637 (11.6) 541 (13.8) 676 (16.8) 1323 (23.0)
Maternal BMI
† at pregnancy, mean (SD) 20.6 (2.8) 20.6 (3.0) 20.8 (3.2) 20.9 (3.3) <0.01
≤18.5, n (%) 1112 (20.2) 809 (20.7) 836 (20.9) 1165 (20.3) <0.01
18.6-24.9, n (%) 4021 (73.1) 2820 (72.0) 2829 (70.7) 4056 (70.6)
≥25, n (%) 371 (6.7) 287 (7.3) 334 (8.4) 524 (9.1)
Maternal weight gain during pregnancy (kg), mean (SD) 8.8 (4.0) 8.8 (4.1) 9.2 (4.3) 9.6 (4.1) <0.01
≤4.9 (%) 700 (14.2) 538 (15.4) 543 (14.4) 573 (10.3) <0.01
5-9.9 (%) 2352 (47.6) 1598 (45.8) 1574 (41.7) 2361 (42.5)
10-14.9 (%) 1632 (33.0) 1140 (32.7) 1380 (36.6) 2141 (38.5)
≥15 (%) 260 (5.3) 212 (6.1) 278 (7.4) 481 (8.7)
Maternal occupation, n (%)
Professional worker 408 (7.5) 337 (8.7) 325 (8.4) 505 (10.1) <0.01
Employee 1175 (21.6) 905 (23.4) 1005 (26.0) 1548 (31.1)
Self-employed worker 65 (1.2) 46 (1.2) 39 (1.0) 45 (0.9)
Part-time worker 155 (2.9) 177 (4.6) 136 (3.5) 213 (4.3)
Housewife 3627 (66.8) 2407 (62.2) 2362 (61.1) 2670 (53.6)
Maternal alcohol intake (drinkers), n (%) 384 (7.1) 215 (5.6) 143 (3.6) 129 (2.3) <0.01
Maternal smoking, n (%)
Never smoked 5210 (95.8) 3648 (94.4) 3747 (94.5) 5428 (94.7) <0.01
Ex-smoker
‡ 54 (1.0) 75 (1.9) 98 (2.5) 154 (2.7)
Smoker (during pregnancy) 176 (3.2) 142 (3.7) 122 (3.1) 147 (2.6)
Fertility treatment 597 (10.8) 391 (10) 520 (12.9) 884 (15.4) <0.01
Caesarean section 1253 (22.7) 999 (25.4) 1170 (29.1) 1648 (28.6) <0.01
Induction 1637 (30.9) 1020 (27.4) 927 (23.7) 1386 (24.7) <0.01
Parity (%)
One 3023 (54.8) 2233 (56.9) 2280 (56.6) 3165 (55.1) 0.02
Two 1911 (34.7) 1282 (32.6) 1372 (34.1) 1924 (33.5)
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tery and vein), and percentages of NICU admission dur-
ing the study period in all births and separated by each
manifestation. None of the neonatal outcomes showed a
trend in a worse direction, even among medically indi-
cated PTBs, and instead the Apgar scores and rates of
NICU admission improved over time.
Even after adjustment for the covariates (Table 3), the
risks of NICU admission in the interval from 2007 to
2010 were decreased among all births (OR: 0.84; 95%CI:
0.75, 0.95), medically indicated births (OR: 0.44; 95%CI:
0.29, 0.68), and PTB at 28 to 33 weeks (OR: 0.14; 95%CI:
0.04, 0.50) compared with the interval from 1997 to
2000.
In sensitivity analyses, we separated the 194 (15.4%)
mothers who experienced spontaneous onset of labor
from the medically indicated PTBs. Our conclusions
were not affected by the exclusion, e.g., the OR for
NICU admission in the interval from 2007 to 2010 was
0.48 (95%CI: 0.30, 0.78) among the medically indicated
PTB (excluding spontaneous onset of labor). Further-
more, our conclusions were not affected when we used
alternative intervals (1997–1999; 2000–2002; 2003–
2004; 2005–2007; and 2008–2010).
Discussion
In the present study, we explored the trends in PTB and
LBW in a perinatal center in Japan, and examined the
contributing factors and changes in neonatal outcomes.
Although term-LBW did not increase, PTB, in particular
medically indicated PTB, increased considerably. These
increases were largely explained by changes in obstetric
interventions. Despite the increases, the neonatal out-
comes did not worsen, and instead the Apgar scores and
proportions of NICU admission improved.
The proportions of PTB and LBW increased with
peaks around 2005 in the present study, consistent with
the national vital statistics in Japan (4.1% and 5.2% in
1980 to 5.7% and 9.6% in 2010, respectively) [15]. In
contrast, term-LBW did not increase, indicating that the
observed increase in LBW can probably be explained by
the increase in earlier deliveries (i.e., PTB). The finding
that the increase in medically indicated PTB was larger
than that in spontaneous PTB was consistent with previ-
ous studies in western countries [7,11,14,20]. Although
the increase in PTB in western countries has been al-
most entirely among the late preterm (34 to 36 weeks)
[5,6,21], the increase in PTB at less than 33 weeks also
accounted for a small fraction of the increase in total
PTB in the present study, consistent with the national
vital statistics in Japan. For example, about 14% of the
increase in total PTB was explained by the increase in
PTB at equal to or less than 31 weeks in Japan [15].
The increase in PTB was largely explained by changes
in obstetric interventions, in particular caesarean sec-
tions, followed by changes in maternal sociodemo-
graphic and behavioral factors. Indeed, the proportion of
caesarean sections has been steadily rising in Japan
(14.7% for hospitals and 9.9% for clinics in 1996 to
23.3% and 13.0% in 2008, respectively) [22]. Although
the changes in sociodemographic and behavioral factors
may directly contribute to the rise in the proportion of
caesarean sections, obstetricians may also be prone to
conduct caesarean sections in a more proactive manner,
independent of such demographic changes. In Japan,
people consider that the lean structure of women and
reduced weight gain during pregnancy might contribute
to the rise in LBW [23], because low BMI and poor
weight gain are risk factors for LBW [24]. However, in
the present study, obese mothers increased and mothers
recently showed more adequate weight gain, and thus
the increases in LBW as well as PTB could not be
explained by these factors.
Despite the increases in PTB and LBW, the neonatal
outcomes did not worsen, and instead showed improve-
ment. Previous studies also indicated the benefits of ob-
stetric interventions on perinatal and neonatal mortality
[5,7]. The present study supported these previous studies
by providing further findings for the benefits on bio-
logical indicators (Apgar score and cord blood pHs). Ac-
cordingly, it can be inferred that obstetricians may
intervene appropriately (i.e., conduct necessary interven-
tions at appropriate periods), which may contribute to
low infant mortality and neonatal mortality rates (2.29
and 1.09 per 1000 births in 2010, respectively) in Japan
[15], in combination with advancement of NICU facil-
ities. However, it should be noted that, since the prog-
nostic outcomes of late preterm births are reported to
be worse than those of term newborns in general [25],
further research should be conducted to evaluate
Table 1 Descriptive characteristics of newborns and parents (Continued)
Three or more 581 (10.5) 412 (10.5) 373 (9.3) 651 (11.3)
Paternal smoking, n (%) 2696 (51.4) 1784 (48.2) 1656 (42.8) 1960 (35.6) <0.01
The newborns were live singleton births from January 1997 to December 2010 in a perinatal hospital in Hamamatsu, Japan (n= 19,221).
*Sum of medically indicated PTB and spontaneous PTB may not equal PTB less than 37 weeks because of missing data for delivery or induction variables.
†Body mass index was calculated as body weight (kg) divided by height squared (m
2).
‡Ex-smoker included mothers who quit smoking during pregnancy.
§Obtained by the chi-square test or analysis of variance.
BMI body mass index; LBW low birth weight; PTB preterm birth, SD standard deviation.
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1997-2000 2001-2003 2004-2006 2007-2010 p value*
All births
Apgar score 1, mean (SD) 7.8 (1.4) 7.9 (1.3) 8 (1.2) 8 (1.2) <0.01
Apgar score 5, mean (SD) 8.6 (0.9) 8.7 (0.9) 8.8 (0.8) 8.8 (0.7) <0.01
Umbilical artery pH, mean (SD) 7.30 (0.07) 7.31 (0.07) 7.30 (0.07) 7.30 (0.07) <0.01
Umbilical vein pH, mean (SD) 7.33 (0.07) 7.34 (0.08) 7.35 (0.07) 7.34 (0.07) <0.01
NICU admission (%) 809 (15.2) 602 (15.8) 522 (13) 745 (12.9) <0.01
PTB
Separated by type
Medically indicated PTB, 37 wk
Apgar score 1, mean (SD) 5.3 (2.8) 5.8 (2.7) 6.5 (2.4) 6.5 (2.4) <0.01
Apgar score 5, mean (SD) 7.6 (1.8) 7.5 (2.1) 8.3 (1.7) 8.2 (1.6) <0.01
Umbilical artery pH, mean (SD) 7.29 (0.11) 7.30 (0.09) 7.30 (0.10) 7.29 (0.09) 0.40
Umbilical vein pH, mean (SD) 7.32 (0.10) 7.32 (0.09) 7.33 (0.1) 7.32 (0.10) 0.41
NICU admission (%) 256 (84.5) 214 (85.3) 244 (72.8) 287 (72.1) <0.01
Spontaneous PTB, 37 wk
Apgar score 1, mean (SD) 7.1 (1.9) 7.3 (2) 7.3 (1.8) 7.3 (2.1) 0.74
Apgar score 5, mean (SD) 8.1 (1.5) 8.4 (1.2) 8.6 (1.1) 8.5 (1.4) <0.01
Umbilical artery pH, mean (SD) 7.31 (0.08) 7.33 (0.08) 7.3 (0.10) 7.32 (0.08) 0.03
Umbilical vein pH, mean (SD) 7.34 (0.09) 7.35 (0.09) 7.35 (0.13) 7.35 (0.10) 0.89
NICU admission (%) 112 (62.6) 89 (59.7) 77 (54.6) 141 (66.5) 0.15
Separated by gestational week
PTB 34–36 wk
Apgar score 1, mean (SD) 7.1 (1.9) 7.3 (1.9) 7.6 (1.6) 7.5 (1.7) <0.01
Apgar score 5, mean (SD) 8.3 (1.2) 8.5 (1.1) 8.7 (1.1) 8.7 (1) <0.01
Umbilical artery pH, mean (SD) 7.3 (0.1) 7.31 (0.08) 7.3 (0.08) 7.3 (0.07) 0.28
Umbilical vein pH, mean (SD) 7.33 (0.09) 7.34 (0.09) 7.34 (0.1) 7.34 (0.08) 0.58
NICU admission (%) 191 (63.2) 161 (63.6) 146 (53.7) 212 (57.8) 0.05
PTB 28–33 wk
Apgar score 1, mean (SD) 4.6 (2.8) 5.4 (2.6) 6.6 (2) 6.3 (2.5) <0.01
Apgar score 5, mean (SD) 7.4 (1.6) 7.4 (1.9) 8.5 (1.4) 8.2 (1.5) <0.01
Umbilical artery pH, mean (SD) 7.31 (0.09) 7.32 (0.09) 7.31 (0.1) 7.3 (0.11) 0.52
Umbilical vein pH, mean (SD) 7.33 (0.1) 7.33 (0.09) 7.34 (0.1) 7.33 (0.12) 0.95
NICU admission (%) 142 (97.3) 117 (95.9) 112 (80) 157 (86.7) <0.01
PTB 22–27 wk
Apgar score 1, mean (SD) 2.7 (1.9) 2.6 (2.1) 3.8 (2.3) 3.7 (2.5) <0.01
Apgar score 5, mean (SD) 5.1 (2.4) 4.6 (2.5) 7.2 (2.6) 6.8 (2.4) <0.01
Umbilical artery pH, mean (SD) 7.28 (0.12) 7.32 (0.07) 7.28 (0.14) 7.28 (0.12) 0.59
Umbilical vein pH, mean (SD) 7.28 (0.11) 7.31 (0.08) 7.31 (0.15) 7.29 (0.14) 0.78
NICU admission (%) 38 (90.5) 28 (90.3) 68 (94.4) 63 (95.5) 0.65
LBW
Apgar score 1, mean (SD) 6.7 (2.4) 6.9 (2.3) 7.1 (2.1) 7.2 (2.1) <0.01
Apgar score 5, mean (SD) 8.2 (1.5) 8.2 (1.6) 8.6 (1.4) 8.5 (1.3) <0.01
Umbilical artery pH, mean (SD) 7.30 (0.09) 7.31 (0.08) 7.30 (0.09) 7.30 (0.08) <0.01
Umbilical vein pH, mean (SD) 7.33 (0.09) 7.33 (0.09) 7.34 (0.10) 7.33 (0.09) 0.40
NICU admission (%) 447 (59.4) 380 (64.3) 385 (55.7) 525 (57.8) 0.02
LBW low birth weight; NICU neonatal intensive care unit; PTB preterm birth; SD standard deviation.
*Obtained by the chi-square test or analysis of variance.
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nostic outcomes in newborns [26].
One of the strengths of the present study is that we
could utilize the biological indicators from a clinical
dataset, compared with the previous studies using birth
certificates. On the other hand, there is a problem with
generalizability of the findings. As described in the
Methods section, not all of the babies in the western
part of Shizuoka are born in this particular hospital. In
addition, the hospital is the main perinatal center in the
area, and therefore manages not only low-risk but also
high-risk deliveries. As a consequence, the proportions
of PTB and LBW were higher than those reported na-
tionally, as expected. Thus, it is possible that this
hospital-based sampling method may affect the external
validity. However, the present findings are consistent
with previous studies based on general populations con-
ducted in western countries, and thus the main findings
would not be affected considerably.
The methods for measuring gestational weeks, obtaining
Apgar scores, and evaluating blood gas were standardized
throughout the study period. Moreover, the standard of
NICU admission in this institution did not change. Thus,
changes in obstetric diagnoses or techniques during the
study period may not affect the present findings.
We could not obtain individual socioeconomic status
variables (education or income) other than occupation.
Therefore, other factors that we did not consider in the
analyses might explain the discrepancy to some extent.
However, since we adjusted for various variables that
may define parental socioeconomic status or other vari-
ables, the discrepancy generated from these factors
would not be larger than that for caesarean sections.
Conclusion
Despite the increases in PTB as well as LBW, the present
study suggests the benefits of obstetric interventions (i.e.,
careful management of pregnant mothers and appropriate
interventions). Rather than simple categorization of PTB
or LBW, indicators such as perinatal mortality or bio-
logical indicators may be crucial for evaluation of perinatal
health in developed countries. Future studies examining
the prognostic outcomes of newborns delivered after ob-
stetric interventions are warranted.
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Additional file 1: Table S1. Online Table. Crude and adjusted interval
odds ratios* (and corresponding 95% CI) for PTB less than 37 wks
and LBW.
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